wo 01/18079 A 1 IHmilllllllilllllllll 



INTEL PROP 220 lOW 



■g" 651 736 6133 



02/17/05 15:37 0 :04/22 NO: 504 



(12) 1 NTEUM.VDONAL APPUCA rlON PL'BUSHED ViXOER THE PATENT COOPERATION TREATY (PCT) 



(19) World Inielicctual Property Organ lzaik)n 
imemaiional Bureau 

( 43 ) International Poblicatkiii Date 




inHiiiiiDiiiiianiiiitiBHii, 

(10) Intemalional Publication Nuiaber^*^t^ 



15 Marth 2001 (15.03.2001) PCJ* WO 01/18079 A1 



(51) Idicrniktioilul PaUdl Ctanificstion^; C08F 120/30, Dddgl»s,C.{US/US];47l3 Yellawleiif Dhve.FOitlMMth. 

220/18, G02B 1/04. A6IL 27/16 TX 76133 (OS). FREEMAN. Chariet (US/U$|; 4804 

Sangre Couit. Arliagiun. TX 76016 (U5)u 



(2I> InternaNonal Applicatioa Number: PCTA)S00/23285 

(22) International Filing Date; 23 Augui&t 2000 (23.08.2000) 

(25) Filing Language: English 

(26) Pubilearf op. Language: English* 

(30) Priority Data; 

6(yi52,62l 7 September 1999 ((H,09, 1999) US 



(74) Agente: RYAN, Patrick, M. ei al,; R^DCouosel <2-148. 
6201 Soulb ftceway. Fori Wonh. TX 76134.2099(10. 

(81) Designated States {wtitmaOi AU, BR. CA. CH JP.U5. 

(84) Desigaated States (rcsional)t European p&tem (AT, BE, 
CH. CY. DE, DK. ES. FI. FR. GB. GR, IE. IX LU. MC. 
NL. PT, SEL 



(7 1) Applicant 0hr all dtsignaied States except US): ALCON 
UNIVERSAL LTD. |CHiCH]; Boscb 69. P.O. Box 62. 
Cb'633t Hunenberg (CH). 

(72) Inventon; and 

(75) Ittventbrs/Applicants (for l/$ anfyj: 5CHLUETER, 



Published: 

Hith inter/Miiwia/ search report. 

Far two-Utter coda and other abbreviations, refir to the *Xhild~ 
once iVbter on C odes and Abbreviations " tq^pearing at the begin- 
ning of each regular issue of the PCT Gazette. 







u '^'y it w.. 4k^'hLaLa 




(54) Title: OPHTHALMTC AND GTORHlNOLARyNGOLOGlCAL DEVICE MATERIALS 

(57) Abstract: Disclosed nre improved Soft, high reffaciive index, acrylic device matcriab having an elongation of at least 150%. 
Tbese materials, especially useful as intraocular kns materials, contain two prindpal monomers: an aryl acrylic hydmpbobic 
monomer and n hydrophilic monomer. 



PAGE 4122 * RCVD AT 211712005 3:33:25 PM [Eastern Standard Time] * SVR:USPT0€FXRF-1I3 * DlflS:8720306 * CSID:651 736 6133 * DURATION M:0640 




^ 651 736 6133 



INTEL PROP 220 10W 

WOO VI 8079 



02/17/05 15:37 0 :05/22 NO: 504 

I 

PCT/USOO/23285 



OPHTHALMIC AND OTORHINOLARYNGOLOGICAL DEVICE MATERIALS 



Field of the Invention " | 

1 

This invention is directed to improved ophthalmic and 
otorhinolaryngological device materials. In particular, this invention relates^Lamvica. ^-cze- 
soft, high refractive index acrylic device materials particularly suited for use as I 

intraocular lens ("lOL") materials. 

10 

Background of the Invention \ 

I 

■ ‘ I 

With the recent advances in smalMncision cataract surgery, increased 
emphasis has been placed on developing soft, foldable materials suitable for 
IS use in artificial lenses. In general, these materials fall into one of three 
categories: hydrogels, silicones, and acrylics. 



In general, hydrogel materials have a relativety low refractive index, 
making them less desirable than other materials because of the thicker lens 
20 optic necessary to achieve a given refractive power. Silicone materials 
generally have a higher refractive index than hydrogels, but tend to unfold 
explosively after being placed in the eye in a folded position. Explosive 
unfolding can potentially damage the corneal endothelium and/or rupture the 
natural lens capsule. Acrylic materials are desirable because they typically 
25 have a high refractive index and unfold more slowly or controliably than 
silicone materials. 



U.S. Patent No. 5,290,892 discloses high refractive index, acrylic 
materials suitable for use as an lOL material. These acrylic materials contain. 
30 as prii^cipal components, two aryl acrylic monomers. The lOLs made of these 
acrylic materials can be rolled or folded for insertion through small incisions. 

U.S. Patent No. 5,331.073 also discloses soft acrylic lOL materials. 
These materials contain as principal components, tviro acrylic monomers 

35 which are defined by the properties of their respective homopolymers. The 

1 
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first monomer is defined as one in which its homopolymer has a refractive 
index of at least about 1.50. The second monomer is defined as one in which 
its homopolymer has a glass transition temperature less than about 22 "C; ^ 

These lOL materials also contain a cross-linking component. Additionally, 
these materials may optionally contain a fourth constituent, different from the '"’**'*^*'' 
first three constituents, which is derived from a hydrophilic monomer.'' Tliefise* ' * 
materials preferably have a total of less than about 15% by weigtir“6F”a''^' 
hydrophilic component. 









10 U.S. Patent No, 5,693.095 discloses foldable, high refractive index 

ophthalmic lens materials containing at least about 90 wt.% of only two 
principal components: one aryl acrylic hydrophobic monomer and one 
hydrophilic monomer. The aryl acrylic hydrophobic monomer has the formula 

1.5 X 

I 

CH2 « C - COO-{CH2)m-Y-Ar 
wherein: X is H or CH3 ; 

20 m is 0-6; • • 

Y is nothing, 0. S. or NR, wherein R is H, CH3, CnH2n+l (n“1- 
10). ISO-OC3H7, C6H5, or CH2C6H5; and 
Ar is any aromatic ring virhich can be unsubstftuted or substituted 
with CH3, C2H5, n-C3H7, iso-C3H7, OCH3, CgHn. □, Br. CgHs. 

23 or CH2C6H5. 



The lens materiais described in the ‘095 Patent preferably have a glass- 
transition temperature (‘Tp") between about -20 and +25 ®C. 



. 30 Summary of the Invention 

Improved soft, foldable acrylic device materials which are particularly 
suited for use as tOLs, but which are also useful as other ophthalmic or 
otorhinolaryngological devices, such as contact lenses, keratoprostheses, 
35 comeal rings or inlays, otological ventilation tubes and nasal implants, have 
been discovered. These materials contain only two principal components: 

2 
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one aryl acrylic hydrophobic monomer and one hydrophilic monomer. The 
malerials of the present Invention are copolymers comprising at least about 
90% by weight of the two principal monomeric components, provided thafthe-"-— ’ '’ji. y-«|nonrm, 

amount of the hydrophilic component is not greater than that of the aryl acrylic 

hydrophobic component. The remainder of the material comphses"upito'» 10 % 5 »'' 
by weight of one or more additional components serving othei^purpeses?^ suchsiestseiireHiaiiUomecm 
as cross-linking, UV-light absorbing, and blue-iighl absorbing components. 



Detailed Description of the Invention 

I 

The improved acrylic materials of the present invention are copolymers 
comprising only two principal monomeric components; an aryl acrylic 
hydrophobic component and a hydrophilic component. 



15 The aryl acrylic hydrophobic monomers suitable for use in the 

materials of the present invention have the formula 



X 

I 

20 CH2 = C - COO-(CH2)m-Y-(CH2)wAr , . 

wherein: X is H or CH3: 

m is 2 - 6; 

YisOorO(CH2CH20)„; 

25 n is 1 - 6; 

w is 1 - 6, provided that m w s 8; and 
Ar is any aromatic ring which can be unsubstituted or substituted 
with CH3, C2H5. n-CsHy, IS0-C3H7. OCH3, CeH-| 1, Cl, Br, 
C6H5. or CH2C6H5. 

30 

Monomers of the above structural formula can be made by methods 
known in the art. For example, the conjugate alcohol of the desired monomer 
can be combined in a reaction vessel with methyl methacrylate, tetrabutyl 
titanate (catalyst), and a polymerization inhfortor such as 4-benzyloxy phenol. 

3 
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The vessel can then be heated to facilitate the reaction and distill off the 

reaction by-products to drive the reaction to completion. Alternative synthesis' ‘ 

schemes involve adding methacrylic acid to the conjugate-alcoh©l tetn'-r. .v»is- *t- 

catalyzing with a carbodiimide or mixing the conjugate alcohol wifii 
5 methacryloyl chloride and a base such as pyridine or triethylamine:*^-'' tfetras-; 

Preferred aryl acrylic hydrophobic monomers for use in the materials ™ ' 
the present invention are those wherein X is CH3. m is 2 - 5, w is 1 . Y is O or 
OCH2CH2O, and Ar is phenyl. Most preferred are 2-benzyloxyethyi 
10 methacrylate, S-benzyloxypropyl methacrylate, and benzyloxyethoxyethvl 
methacrylate. 

The homopolymers of the aryl acrylic hydrophobic monomers suitable 
for use in the present invention contain an equilibrium water content of less 
13 than 3 %. and preferably less than 2 %, by weight as determined 
gravimetricaily in deionized water at ambient conditions. 

The hydrophilic monomers suitable for use In the present invention 
contain at least one reactive, unsaturated functional group. Prefefably, the 
20 reactive unsatu rated functional group is a vinyl, acrylate or methacrylate 
group. 

The homopolymers of the hydrophilic monomers suitaMe for use in the 
materials of the present invention have an equilibrium water content of at 
25 least 10 %, and preferably at least 25 %, by weight as determined 

gravimetricaily In deionized water at ambient conditions. 

Suitable hydrophilic monomers for use in the present invention include 
2-hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; 2-N-ethylacryfate 
30 pyrrolldone; 2-hydroxy-3-phenoxypropyl acrylate; 2,3-dihydroxypropyl 

acrylate; 2,3-dihydroxypropyl methacrylate; 2-N-vinyl pyrrolldone; 
polyethylene oxide:200 monomethyl ether monomethacrylate; polyethylene 

4 
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oxide:200 monomelhacrylate; polyethylene oxide: 1000 monomethacrylate; ' 
hydroxyphenoxypropyl methacrylate and niethoXyethoxyethyl methacrylate. 

Preferred hydrophilic monomers for use in the present invention ■ *' 

5 include 2-hydroxyathyl acrylate; 2-hydroxyethyl methacrylate; and " -•"-is 

polyethylene oxide.'IOOO monomethacrylate. 

The materials of the present invention are copolymers comprising a 
total of about 90 % by weight of the two principal components described 
10 above, provided that the amount of the hydrophilic componerit is not greater 
than the aryl acrylic hydrophobic component. 

The copolymer materials of the present invention are cross-linked. The 
copolymerizable cross-linkirig agent used in the copolymers of this invention 
15 may be any terminally ethylenically unsaturated compound having more than 
one unsaturated group. Combinations of cross-linking monomers are also 
suitable. Suitable cross-linking agents include, for example; ethylene glycol 
dimethacrylate; diethylene glycol dimethacrylate; polyethylene oxide 
dimethacrylate: allyl methacrylate: 1,3-propanediol dimethaciylate; allyl 
JO methacrylate; 1 ,6-hexanediol dimethaciylate; 1 ,4-butanediol dimethacrylate: 
and their corresponding acrylates. Preferred cross-linking agents are 1,4- 
butanediol diacrylate (BDDA), ethyleneglycol dimethacrylate and polyethylene 
oxide dimethacrylate. Generally, the amount of the cross-linking component 
is at least 0.1 % (weight). 

25 

In addition to an aryl acrylic hydrophobic monomer, a hydrophilic 
monomer, and one or more cross-linking components, the lens material of the 
present invention may also contain a total of up to about 10 % by weight of 
additional components which serve other purposes, such as reactive UV and/or 
30 blue-light absorbers. 

A preferred reactive UV absorber is 2-(2‘-hydroxy-3'-methallyl-5'- 
methylphenyl)ben 2 otriazola, commercially available as o-Methailyt Tinuvin P 

5 



PAGE 9I22‘RCVDAT2/17I2005 3:33:25 PM [Eastern Standardriine]‘SVR;USPT(){F)(IV-l/3‘DNIS;8729306*CSID;651 736 6133*DllMTIONM 




INTEL PROP 220 10W 

WO0I/1S079 

foMTP”) from Polysciences, Inc., Warrington. Pennsylvania. UV absorbers 

typically present in an amount from about 0.1 - 5 •% (weight). - . 58! m< i 

Suitable reactive blue-light absorbing compounds are those described iB' " 
f commonly assigned, copending U.S. patent application serial nurrib& 

08/138,663, the entire contents of which are hereby incorporated by refefSrfcg’*®*^*^ ‘ ««eh'afr 
Blue-light absorbers are typically present In an amount from about 0.01 - 0.5 % ' 

(weight). 

»•' Suitable polymerization initiators include thermal initiators ami 

photoinitiators. Preferred thermal initiators include peroxy free-radical initiators, 
such as t-butyl (peroxy^2-ethyl)hexanoate and di-(tert-butylcydohexy)) 
peroxydicarbonate (commercially available as Perkadox® 16 from Aka> 

Chemicals Inc., Chicago, Illinois). Particularly In cases where the materials of 
IS the present invention do not contain a blue'light absorbing chromophore; 
preferred photoinitiators indude benzoylphosphine oxide initiators, such as 
2,4.6-trimethyl-benzoyldiphenyl-phosphine oxide, commercially available as 
Lucirin® TPO from BASF Corporation (Charlotte, North Carolina). Initiators 
are typically present in an amount of about 6 % (weight) or less. i 
20 i 

The particular combination of the two principal monomers described 
above and the identity and amount of any additional components are 
determined by the desired properties of the finished ophthalmic lens. 

Preferably, the ingredients and their proportion are selected so that the 
25 improved acrylic lens materials of the present invention possess the following 
properties, which make the materials of the present invention particulariy 
suitable for use In lOLs which are to be inserted through incisions of 5 mm or 
less. 

“ The lens material preferably has a refractive Iridex In the dry state of at 

least about 1.50 as measured by an Abbe’ refractometer at 589 nm (Na light 
Source). Optics made from materials having a refractive index lower than 1.50 
are necessarily thicker than optics of the same power which are made from 

6 
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materials having a higher refractive index. As such, lOL optics made from 
materials having a refractive index lower than* about 1.50 generally require .' 1 :=®'.. vs 

• • relatively larger incisions for lOL implantation. .. ... 

I 

3 The glass-transition temperature (“Tg”) of the lens material, 

the material's folding and unfolding characteristics, is preferably less than abbUt*^’ " 

+25 “C. and more preferably less than about +15 “C. Tg is measured by 
differential scanning calorimetry at 10 *C/min.. and is generally determined at 1 ' 

the midpoint of the transition of the heat flux curve. "Tg’; and Tg (mid)" both i 

10 refer to the Tg taken at the midpoint of the transition of the heat flux curve. Tg ' 

(start)" refers to the Tg taken at the beginning of the transitbn of the heat flux 
curve; Tg (end)" refers to the Tg taken at the end of the transition of the heat 
flux curve. 

IS The lens material will have an elongation of at least 150%, preferably at 

least 200%, and most preferably between 300 and 600%. This property 
indicates that the lens generally will not crack, tear or split when folded. 

Elongation of polymer samples is determined on dumbbell shaped tension 
test specimens with a 20 mm total length, length in the grip area of 4.88 mm, 

20 overall width of 2.49 mm, 0.833 mm width of the narrow section, a fillet radius 

of 8.83 mm, and a thbkness of 0.9 mm. Testing is performed on samples at 
standard laboratory conditions of 23 ± 2 oc and 50 ± 5 % relative humidity 
using an Instron Material Tester model 1 122 with a 2000 gram load cell. The 
grip distance is set at 14 mm and a crosshead speed is set at 20 mm/minute 
25 and the sample is pulled to 700 % elongation or until failure. The elongation 
(strain) is reported as a fraction of the displacement at failure to the original 
grip distance. The modulus is calculated as the instantaneous slope of the 
stress-strain curve at 100 % strain. Stress is calculated at the maximum load 
for the sample, typically the load whan the sample breaks, assuming that the 
50 initial area remains constant. This stress Is recorded as “tensile strength" in 
the examples below. 

7 
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lOLs constructed of the materials of the present invention can be of any 
design capable of being rolled or folded into a small cross section that can fit 
through a relatively smaller incision. For example, the lOLs can be of what 
known as a one piece or multipiece design, and comprise optic and haptic 
5 components. The optic is that portion which serves as the lens and the haptics^~ 5 sj;t^v . STt 
are attached to the optic and are like arms which hold the optic in its proper . 

place in the eye. The optic and haptlc(3) can be of the same or differertl 
material. A multipiece lens is so called because the optic and the haptic(s) are 
made separately and then the haptics are attached to the optic. In a single 
10 piece lens, the optic and the haptics are formed out of one piece of material. 

Depending on the material, the haptics are then cut, or lathed, out of the 
material to produce the lOL. 

Most preferred for foldable lOLs are materials that have a tensile 
IS modulus (stress at break) < 10 Mpa and a Tg (end) < 30 “C. 

In addition to lOLs. the materials of the present invention are also 
suitable for use as other ophthalmic or otorhinolaryngological devices such as 
contact lenses, keratoprostheses. corneal inlays or rings, otological Ventilation 
20 tubes and nasal implants. 



The invention will be further illustrated by the following examples which 
are intended to be illustrative, but not limiting. 

js Each of the formulations of Examples 1 - 14 Is prepared as follows, 

with all of the reactive monomers used being substantially free of inhibitors. 
After combining the formulation components as listed in Table 1. each 
formulation is mixed by agitation, and then Injected into a polypropylene 25 x 
12x1 mm slab mold. The bottom portion of the lOL mold contains a cavity 
JO which is filled to capacity, and then the top portion of the lOL mold is placed 
on the bottom portion arid locked in place by mating male and female grooves 
machined into each portion. To make slabs, the cavity in the bottom portion 
of the slab mold is filled to capacity with the formulation and then the top is 

B 
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placed on strictly as a seal. The molds can either be fillad under an inert 
nitrogen or standard laboratory atmosphere; To maintain the mold geometry '* "' 
during curing, a means of clamping via springs is asserted on the molds. 
clamped molds are placed in a convection air oven and cured at 80 - 90 « 



I 



I 












for 1 hour, then 100 -- 1 10 for 2 hours. At the end of polymerizattei I 

i 

period » the molds are opened and the cured intraocular lenses or 

slabs are removed and extracted in acetone to remove any unreacted I 

materials. I 



Hi The physical properties of the, cured materials shown in Tables 1 and 2 

are then assessed (according to the protocols referred to above). Unless 
otherwise indicated, all ingredient amounts are listed as % by weight. 



!5 



TABLE 1 





Example No. | 


Inaredient 


1 


2 


3 


4 


5 


6 


PPMA 


64.50 


64.51 


84.44 


— 




-- 


BPMA 


— 


-- 


— 


84,54 


84.50 , 


84.41 


HEMA 


14.99 


• ^ 


— 


14.96 


— 


— 


MEMA 


— 


14.97 


— 


— 


15,01 


— 


HPMA 


— 


— 


1506 


— 


— 


15.01 


EGDI^ 


0.51 


0.52 


o.so 


0.51 


0.49 


0.67 


BPO 


0.95 


0.97 


0.91 


0.94 


0.95 


0.93 
















Tensile Strength (MPa) 


9.1 


3.97 


6.93 


8.64 


2.93 


6.02 


% strain 


325 


834 


586 


392 


822 


529 


Young's Modulus (MPa) 


22.B 


1.4 


10.5 


14.8 


1.04 


r.72 


idb'% Modulus (MPa) 


9.41 


0.79 


5.04 


7.9 


0.59 


4.14 

















PPMA: 5-phenytpanty1 methacfylate 
BPMA: 2-benzyloxyethyl mothacrylale 
20 HEMA: hydroxyethyl methacrylale 

MEMA: mothoxyelhoxyethyl methacrylate 
HPMA: hydroxyphenox>^ropy< methacrylQte 
EGDMA: ethylene giyco) dimethacrytate 
BPO: benzoyl peroxide 

9 
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TABLE 2 • 





Example No. ' ■ | 


inaredient 


7 


8 


9 


10 


11 


12 


13 


•14 I 


PPMA 


84.30 


84.48 


— 




— 








BPMA 


— 


— - 


83,87 


-- 


-- 


-- 


... 




PBMA 


— 




— 


84.45 


m;48“ 


— 


... 




BEMA 




— 


— ■ 


— 




^.44 


84.49 


— 


BEEMA 


— 


— 


• — 


— 




— 


— 


84-5 


MEMA 


15.13 


— 


14.88 


15.01 


— • 


T4,99^ 




— 


HEMA 




14.98 


. — 




16.00 




15.02 


"I'lr 


EGDMA 


0,57 


0.54 


1.25 


0.S4 


0.52 


0.57 


0.49 


0.4 


t-BPO 


1.07 


1.05 


1.18 


1.01 


1.01 


1.03 


1,03 


1.3 


Tensile Strength (MPa) 


5.1 


10.3 


4.8 


7.1 


23.6 


7.1 


24.3 


4.6 


% Strain 


823.4 


371.2 


537.2 


846.4 


40.6 


648.8 


1 41.0 


681 


Young's Modulus (MPa) 


1.6 


24.7 


2.0 


6,3 


31.0 


7.8 


75.9 


1.4 


Tg (start) “C 


-25 


-33 


-27 


-30 


-27 


-25 


-18 


— 


Tg (end)''C 


10 


32 


22 


27 


40 


13 


30 




Tg (mWpC 


-10 


3 


-8 


-4 


16 


2 


' ^15~ 


-12.7 



BEEMA; benzyl oxyetiwxyethylmotliacrylate 
PDMA: 4-phenyibutylmethBcrylate 
BEMA: 2-benzylo)t^thyl methacrytete 
10 t-BPO: 1-butyl (peroxy-2-elhyl)bexanoate 



10 
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1 A copolymer having an elongation of at least 1 50%, comprising a tota].ot 
at least 90 % by weight of two principal monomers, wherein,gj5l,§ggE^qpaI_,^^ 
monomer is an aryl acrylic hydrophobic monomer of the 






X 

CH2 = C - COO-(CH2WY-(CH2)wAr 

wherein: X is H or CH3; 

m is 2 - 6; 

Y Is O or 0(CH2 CHzO)„: 
n is 1 - 6; 

w is 1 - 6, provided that m + w :S 8; and 

Ar is any aromatic ring which can bo unsubstituted or substituted 
with CH3, C2H5. n-CsHy, iscHC3H7, OCH3, CsH 1 1 . Cl, Br, 
C5H5. or CH2C6H5; 

' I 

the homopolymer of which has an equilibrium water content of 3 % or 
less, 

and the other principal monomer, present in an amount not greater 
than the amount of the aryl acrylic hydrophobic monomer , Is a 
hydrophilic monomer having at least one reactive unsaturated 
functional group, the homopolymer of which has an equilibrium water 
content of at least 10 %, 



and wherein the copolymer further comprises a cross-linking monomer 
having a plurality of polymerizable ethylenicalty unsaturated groups. 
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2. The copolymer of claim 1 wherein X is CH 3 , m is 2 - 5. w is 1. Ar is 
phenyl, and Y is selected from the 'group consisting of O and 
OCH 2 CH 2 O. - ■ 



.8Wg» w 



3. The copolymer of Claim 2 wherein the aryl acrylic hydrophobic monorr»er'<i*»«jt,“3*BW& •v«jattew«» 
is selected from the group consisting of 2-benzyloxyethyl methacrylate; 

3-benzyloxypropyl methacrylate; and benzyloxyethoxyethyl 
methacrylate. 



10 4. The copolymer of Claim 1 wherein the unsaturated functional group in 

the hydrophilic monomer is selected from the group consisting of vinyl: 
acrylate; and methacrylate groups. 



5. The copolymer of Clelm 4 wherein the hydrophilic monomer is selected 
from the group consisting of 2-hydroxyethyl acrylate; 2-hydroxyethyl 
methacrylate; 2-N-ethy)acrylate pyrrolidone: 2-hydroxy-3-phenoxypropyl 
acrylate; 2.3-dihydroxypropyl methacrylate; 2-N-vinyl pyrrolidone; 
polyethylene oxide:200 monomethyl ether monomethaciylate; 
polyethylene oxide:200 monomethacrylate; polyethylene oxide:1000 
monomethacrylate; hydroxyphenoxypropyl methacrylate and 
methoxyethoxyethyl methacrylate. 



6. The copolymer of Claim 5 wh^tn the hydrophilic monomer Is selected 
from the group consisting of 2-hydroxyethyl acrylate, 2-hydroxyethyl 
methacrylate, and polyethylene oxide:1000 monomethacrylate. 



7. The copolymer of Claim 1 further comprising one or more components 
selected from the group consisting of reactive UV absorbers and 
reactive blue-light absorbers. 

8. The copolymer of Claim 1 wherein the copolymer has a refractive index 
of at least 1.50. 
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9. The copolymer of Claim 1 wherein the copolymer has a Tg less than 

about +15 *C. . • 

10. The copolymer of Claim 1 wherein the copolymer has an elongation of at 



least 150%. a tensile modulus <10 Mpa, and a Tg (end) ar. 9 nsnt*iTOauilfe!i*H«« 






11 , The copolymer of Claim 10 wherein the copolymer has an elon.gftion ,, 
from 300 to 600%. 

10 12 . An ophthalmic lens comprising a copolymer having an elongation of at 

least 150%, comprising a total of at least 90 % by weight of two principal 
monomers, wherein one principal monomer is an aryl acrylic 
hydrophobic monomer of the formula 



CH 2 = C - COO-(CH 2 )m‘Y-(CH 2 )wAr 



wherein: X is H or CH 3 ; 

I 

10 mis 2 - 6 ; '■ 

YlsOorO(CH2CH20)„; 
n is 1 - 6 ; 

w is 1 - 6 , provided that m + w < 8 ; and 
Ar is any aromatic ring which can be unsubstituted or substituted 
25 with CR 3 , C 2 H 5 , n-C 3 H 7 , i 80 -C 3 H 7 . OCH 3 , CgHi 1 , Cl, Br, 

CeH 5 , or CH 2 C 6 H 5 : 



the homopotymer of which has an equilibrium water content of 3 % or 
less, 

and the other principal monomer, present in an amount not greater 
than the amount of the aryl acrylic hydrophobic monomer, is a 
hydrophilic monomer having at least one reactive unsaturated 
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INTEL PROP 220 10W 

VVOfU/18079 

functional group, the homopolymer of which has an equilibrium water 
content of at least 10 %, . ' ■ . 

and wherein the copolymer further comprises a cross-linking nionomer ^ 

j having a plurality of polymerizable ethylenicalty uhsaturated^grpups.^_^^^Tr-j^r nat 

1 3. The ophthalmic lens of Claim 1 2 wherein the lens is an intraocular lens. ^ 



14. The intraocular lens of Claim 13 wherein X is CHa. m is 2 - 5, w is 1. Ar 
is phenyl, and Y is selected from the group consisting of O and 
OCH 2 CH 2 O. 

-J5 The intraocular lens of Claim 14 wherein the aryl acrylic hydrophobic 
monomer is selected from the group consisting of 2-bon2yloxyethyl 
methacrylate; 3-benzyloxypropyl methacrylate: and 

benzyloxyethoxyethyl methacrylate. 

16. The intraocular lens of Claim 14 wherein the unsaturated functional 
group in the hydrophilic monomer is seletrted from the group , consisting 
of vinyl, acrylate, and methacrylate groups. 

17. The Intraocular lens of Claim 16 wherein the hydrophilic monomer is 
selected from die group consisting of 2-hydroxyethyl araylate; 2- 
hydroxyethyl methacrylate; 2'N-eihylacrylate pyrrolidone; 2-hydro)Qr-3- 
phenoxypropyl acrylate; 2.3-dihydroxypropyl methacrylate; 2-N-vinyl 
pyrrolidone; polyethylene oxide :200 monomethyl ether 
monomethacrylate; polyettiyleno oxide:200 morromethacrylate: and 
polyethylene oxide: 1000 monomethacrylate; hydroxyphenoxypropyl 
methacrylate and methoxyetho^ethyl methacrylate. 

18. The intraocular lens of Claim 17 wherein the hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethy! acrylate. 2- 



't 
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hydroxyethyl methacrylate, and polyethylene oxide;1000 
monomethacrylate. • . 






'• - ■ Yhe intraocurat Claim 12 further comprising -©Re.vQL>mQnSsk4Sra»^ 

(^tsisting 

absorbers and reactive blue-light absorbers. 









20. The Intraocular lens of Claim 12 wherein the copolymer has an 
elongation of at least 150%, a tensile modulus < 10 Mpa, and a Tg 
(end) < 30 "C. 
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